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f(x) =

f+(x) + f−(x)

+

Spin 
contribution

∆f(x) =

f+(x)− f−(x)

−

How do we probe the structure and dynamics of matter in ep / pp scattering? 
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Universality

Theoretical foundation



D. de Florian et al., Phys. Rev. D71, 094018 (2005).

8

parabola and the 1σ uncertainty in any observable would correspond to ∆χ2 = 1. In order to account for unexpected
sources of uncertainty, in modern unpolarized global analysis it is customary to consider instead of ∆χ2 = 1 between
a 2% and a 5% variation in χ2 as conservative estimates of the range of uncertainty.

As expected in the ideal framework, the dependence of χ2 on the first moments of u and d resemble a parabola
(Figures 3a and 3b). The KKP curves are shifted upward almost six units relative to those from KRE, due to the
difference in χ2 of their respective best fits. Although this means that the overall goodness of KKP fit is poorer than
KRE, δd and δu seem to be more tightly constrained. The estimates for δd computed with the respective best fits
are close and within the ∆χ2 = 1 range, suggesting something close to the ideal situation. However for δu, they only
overlap allowing a variation in ∆χ2 of the order of a 2%. This is a very good example of how the ∆χ2 = 1 does not
seem to apply due to an unaccounted source of uncertainty: the differences between the available sets of fragmentation
functions.
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FIG. 4: Parton densities at Q2 = 10 GeV2, and the uncertainty bands corresponding to ∆χ2 = 1 and ∆χ2 = 2%

An interesting thing to notice is that almost all the variation in χ2 comes from the comparison to pSIDIS data.
The partial χ2 value computed only with inclusive data, χ2

pDIS , is almost flat reflecting the fact the pDIS data are

not sensitive to u and d distributions. In Figure 3, we plot χ2
pDIS with an offset of 206 units as a dashed-dotted line.

The situation however changes dramatically when considering δs or δg as shown in Figures 3c and 3f, respectively.
In the case of the variation with respect to δs, the profile of χ2 is not at all quadratic, and the distribution is much
more tightly constrained (notice that the scale used for δs is almost four times smaller than the one used for light
sea quarks moments). The χ2

pDIS corresponding to inclusive data is more or less indifferent within an interval around
the best fit value and increases rapidly on the boundaries. This steep increase is related to a positivity constraints on
∆s and ∆g. pSIDIS data have a similar effect but also helps to define a minimum within the interval. The preferred
values for δs obtained from both NLO fits are very close, and in the case of KRE fits, it is also very close to those
obtained for δu and δd suggesting SU(3) symmetry.
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Theoretical foundation
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What do we know about the polarized quark and gluon distributions?

1
2

= 〈Sq〉 + 〈Sg〉 + 〈Lq〉 + 〈Lg〉

∆Σ = ∆u + ∆ū + ∆d + ∆d̄ + ∆s + ∆s̄

∆G

Spin carried by quarks is 
very small (ΔΣ ∼ 0.4)! 

∆qi(Q2) =
∫ 1

0
∆qi(x,Q2)dx ∆G(Q2) =

∫ 1

0
∆g(x,Q2)dx

1
2
∆Σ

Substantial 

improvement 

for 0.05<x<0.2 

Large 

uncertainties at 

low x
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Theoretical foundation
Gluon polarization - Extraction
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Extract Δg(x,Q2) through 

Global Fit (Higher Order 

QCD analysis)!

∆G(Q2) =
∫ 1

0
∆g(x,Q2)dx

ALL =
d∆σ

dσ

∆f2∆f1 aLL =
∆σh

σh

∝
∆f1 ⊗∆f2 ⊗ σh · aLL ⊗Dh

f

f1 ⊗ f2 ⊗ σh ⊗Dh
f

Input

long-range short-range long-range

∆f1

∆f2

σh

-1

-0.75

-0.5

-0.25

0

0.25

0.5

0.75

1

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
cosΘ*

a L
L

gg → gg

qg → qg

qq → qq qq̄ → qq̄

gg → qq̄
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=
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Theoretical foundation
What is required experimentally to measure the gluon spin contribution?  

6

• Study helicity dependent structure 

functions (Gluon polarization)!   

Double longitudinal-spin asymmetry: ALL 

Require concurrent measurements:

• Magnitude of beam polarization, P1(2)                                                           

RHIC polarimeters

• Direction  of  polarization vector 

• Relative luminosity of bunch crossings with 
different spin directions                                                                                  

• Spin dependent yields of process of interest Nij

STAR experiment

RHIC polarimeters

γ + X cc̄ (bb̄) + Xjets + X



xT = 2pT /
√

s

Inclusive Jet production (200GeV: Solid line / 500GeV: Dashed line)
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Theoretical foundation
Gluon polarization - Inclusive Measurements 
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Gluon polarization - Correlation Measurements

Correlation measurements provide access to partonic kinematics 

through Di-Jet/Hadron production and Photon-Jet production
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Theoretical foundation
8

p

p

pT
x1

x2

gg, qg, qq

Di-Jet production

p

p

pT
x1

x2

qg

Photon-Jet production

x1 (2) =
1√
s

(
pT3e

η3(−η3) + pT4e
η4(−η4)

)

Di-Jet production / Photon-Jet production

Di-Jets: All three (LO) QCD-type processes contribute: gg, qg and 

qq with relative contribution dependent on topological coverage

Photon-Jet: One dominant underlying (LO) process with large 

partonic aLL at forward rapidity

Larger cross-section for di-jet production compared to photon 

related measurements

Photon reconstruction more challenging than jet reconstruction

Full NLO framework exists ⇒ Input to Global analysis
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RHICBOS W simulation at 500GeV CME

0
1
2
3
4
5
6
7
8
9

10

0 20 40
pT (GeV)

dσ
/d

p T (
pb

/G
eV

)

W+ for CTEQ5M

Total cross-section: 101.0
-1<ye<1

0
1
2
3
4
5
6
7
8
9

10

0 20 40
pT (GeV)

dσ
/d

p T (
pb

/G
eV

)

W- for CTEQ5M

Total cross-section: 20.5
-1<ye<1’

0
1
2
3
4
5
6
7
8
9

10

0 20 40
pT (GeV)

dσ
/d

p T (
pb

/G
eV

)

W+ for CTEQ5M

Total cross-section: 134.7
No cuts

0
1
2
3
4
5
6
7
8
9

10

0 20 40
pT (GeV)

dσ
/d

p T (
pb

/G
eV

)

W- for CTEQ5M

Total cross-section: 42.0
No cuts

 

Bernd Surrow
STAR India Collaboration Meeting at VECC
Kolkata, India, November 24, 2008

Theoretical foundation
Quark / Anti-Quark Polarization - W production
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∆d̄ + u→W+

∆u + d̄→W+

∆d + ū→W−

∆ū + d→W−

∆d̄ + ū→W+

∆u + d̄→W+

W∓

Key signature: High pT lepton (e-/e+ or 

µ-/µ+) (Max. MW/2) - Selection of W-/

W+ : Charge sign discrimination of high 

pT lepton

Required: Lepton/Hadron 

discrimination 

RHICBOS W simulation at 500GeV CME
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Theoretical foundation
Quark / Anti-Quark Polarization - Sensitivity in W production
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Large uncertainties for polarized anti-quarks reflected in leptonic asymmetries!

∆u ∆ū

∆d̄

∆d

x1 =
MW√

s
eyW x2 =

MW√
s

e−yW

Theoretical framework  for leptonic 

asymmetries exists (RHICBOS) ⇒ Basis for 

input to global analysis! 

Reconstruction of W-rapidity only possible 

in approximative way in forward direction

Important contribution from forward and 

mid-rapidity region 

AW−

L = −∆d(x1)ū(x2)−∆ū(x1)d(x2)
d(x1)ū(x2) + ū(x1)d(x2)
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Collider: The First polarized p+p collider at BNL
11

Absolute Polarimeter 
  (H jet)

Siberian 
Snakes

RHIC pC Polarimeter

PHENIX

PHOBOS BRAHMS

STAR

Spin Rotators

Lmax = 2 x 1032 cm-2s-1

70% Beam Polarization

50 < √s < 500 GeV

AGS

LINAC BOOSTER
Pol. 
Proton 
Source

Partial Snake

200 MeV Polarimeter

Rf Dipole

AGS polarimeters

Strong AGS snake

Helical Partial 
Siberian Snake

Overview of collider complex  

Siberian 
Snakes
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Collider: The First polarized p+p collider at BNL
12

RHIC collider aspects: p-p - Performance

May 2006

May 2006

 All RHIC polarized pp accelerator components are in place!

 2006 performance (√=200GeV): ~60% polarization (70% 

design) and ~1pb-1/day (~3pb-1/day design) delivered 

luminosity

RHIC RUN s [GeV]
Lrecorded [pb-1]
(transverse)

Lrecorded [pb-1] 
(longitudinal)

Polarization[%]

RUN 2

RUN 3

RUN 4

RUN 5

RUN 6

200 0.15 0.3 15

200 0.25 0.3 30

200 0 0.4 45

200 0.4 3.1 50

200 3.4/6.8 8.5 60



 

Bernd Surrow
STAR India Collaboration Meeting at VECC
Kolkata, India, November 24, 2008

The STAR Experiment
Overview
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Wide rapidity coverage of STAR 
calorimetry (Jets /Neutral 
Pions / Photons) system:  

FPD: -4.1 < η < 3.3

BEMC: -1.0 < η < 1.0

EEMC: 1.09 < η < 2.0

FMS: 2.5 < η < 4.0

BBC: 
Relative 
luminosity 
and 
Minimum 
bias 
trigger

TPC: Tracking and PID using dE/dx 
for |η| < 1.3 and pT < 15 GeV/c

Key elements for STAR Δg(x) program:

Higher precision on Δg(x) : Luminosity / 
DAQ upgrade (DAQ 1000)

Sensitivity to shape of Δg(x): Correlation 
measurements

Low-x region of Δg(x): 500GeV program / 
Asymmetric collisions (Forward calorimetry)

x1 (2) =
1√
s

(
pT3e

η3(−η3) + pT4e
η4(−η4)

)

TPC

FPD
BBC BBC

BEMC

EEMC

FMS
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Highlights of recent results and achievements
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Sophisticated TPC (dE/dx) calibrations improve precision 

at high pT (arXiv:0807.4303-physics)

Good agreement between data and NLO calculations for 

charged and neutral pion production

STAR Run 5 Cross-section results: Mid-rapidity charged and neutral pion production 

STAR Preliminary
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Highlights of recent results and achievements
15

Good 

agreement 

between data 

and NLO 

calculations for 

jet production 

and prompt 

photon 

production at 

central rapidity 

STAR Run 3/4 Cross-section results: Mid-rapidity Jet and Prompt Photon production
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Highlights of recent results and achievements
Gluon polarization - Inclusive Measurements 
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∆G(Q2) =
∫ 1

0
∆g(x,Q2)dx

−g < ∆g < +gExamine wide range in Δg:

GRSV-STD: Higher order QCD analysis 
of polarized DIS experiments!   

xparton ! 2pT /
√

s
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Highlights of recent results and achievements
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RUN 6 results: GRSV-MAX ruled out 

Significant increase in statistical precision as well as greater 
pT reach compared to previous Run 5 Neutral Pion result

∆G(Q2 = 1GeV 2) ≈ 1.0

∆G(Q2) =
∫ 1

0
∆g(x,Q2)dx

∆G(Q2 = 1GeV 2) ≈ 1.8

∆G(Q2 = 1GeV 2) ≈ 0.4

STAR Run 5 / 6 ALL result: Mid-rapidity neutral pion production 

pT range [GeV/c] ALL ± Stat. ± Sys. 

5.2 - 6.75 0.0080 ± 0.0115 ± 0.002

6.75 - 8.25 0.0058 ± 0.0136 ± 0.004

8.25 - 10.5 0.0203 ± 0.0189 ± 0.004

10.5 - 16.0 -0.0084 ± 0.0306 ± 0.002
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Highlights of recent results and achievements
STAR Run 6 ALL result: Forward rapidity (FPD/EEMC) neutral pion production 
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STAR EMC STAR FPD

First ALL measurements at forward rapidity (STAR EEMC / STAR FPD)

Probe small-x region (Probe smaller Δg(x) ⇒ Smaller ALL consistent with theoretical predictions)

Important baseline measurements for STAR inclusive γ and γ-jet program    
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Highlights of recent results and achievements

Significant improvements compared to Run 5:

50% ⇒ 60% beam polarization

1.6 pb-1 ⇒ 5.4 pb-1

BEMC η acceptance [0,1] ⇒ [-1,1]

But ... increased JP trigger thresholds result 
in strong fragmentation bias for charged 
pions in trigger jet

19

Limit bias by measuring charged pions opposite 
a trigger jet

Plot asymmetry versus z ≡ pT(π) / pT(trigger 
jet) to cleanly isolate favored fragmentation

STAR Run 6 ALL result: Mid-rapidity charged pion production 

π-

π+
π+

measure these

Jet Patch Trigger

trigger here
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Highlights of recent results and achievements

Conservative systematic uncertainties are evaluated for: 

Trigger bias: 6 - 15 x 10-3

PID background contamination: 2 - 10 x 10-3

Uncertainty on the jet pT shift: 3 - 16 x 10-3

Non-longitudinal components, relative luminosity: small

20

8.3% pol. uncertainty not included

A
LL

A
LL

8.3% pol. uncertainty not included

STAR Run 6 ALL result: Mid-rapidity charged pion production 
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Highlights of recent results and achievements

Full NLO pQCD predictions are not yet available for this measurement, but started! 

These curves generated by sampling aLL and parton distribution functions at kinematics 
of PYTHIA event.

π+ offers significant sensitivity at high z

21

A
LL

A
LL

8.3% pol. uncertainty not included

STAR Run 6 ALL result: Mid-rapidity charged pion production 



∆G(Q2 = 1GeV 2) ≈ 1.0
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ALL Inclusive Jet 2005 result - STAR

Maximum gluon polarization scenario (GRSV-MAX) ruled out

ALL inclusive jet result (Run 5) consistent with previous  Run 3/4 result 
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STAR Collaboration, PRL 100, 232003 (2008). 

Highlights of recent results and achievements

∆G(Q2) =
∫ 1

0
∆g(x,Q2)dx

∆G(Q2 = 1GeV 2) ≈ 1.8

∆G(Q2 = 1GeV 2) ≈ 0.4

STAR Collaboration, PRL 97, 252001 (2006). 
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Highlights of recent results and achievements
ALL Inclusive Jet 2006 result - STAR

23

RUN 6 results: GRSV-MAX / GRSV-MIN  ruled out - ALL result favor a gluon polarization 
in the measured x-region which falls in-between GRSV-STD and GRSV-ZERO

Consistent with RUN 5 result (Factor 3-4 improved statistical precision for pT>13GeV/c)

ALL systematics (x 10 -3)

Reconstruction + 
Trigger Bias

[-1,+3]
 (pT dep)

Non-longitudinal 
Polarization

~ 0.03
 (pT dep)

Relative 
Luminosity

0.94

Backgrounds
1st bin ~ 0.5
else ~ 0.1

pT systematic ± 6.7%
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Highlights of recent results and achievements
Quantify theory comparison of measured ALL for 2006 inclusive jet result

24

The STAR data exclude a broad range of global fit results that have a larger first moment 
(ΔG) than that in GRSV-STD

Counterexample is GS-C: Large and positive at low x and negative at high x (Note at x ~ 0.1) 
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Highlights of recent results and achievements
Global analysis incl. RHIC pp data

25

TABLE I: Data used in our analysis [2, 3], the individual
χ2 values, and the total χ2 of the fit. We employ cuts of
Q, pT > 1GeV for the DIS, SIDIS, and RHIC high-pT data.

experiment data data points χ2

type fitted

EMC, SMC DIS 34 25.7

COMPASS DIS 15 8.1

E142, E143, E154, E155 DIS 123 109.9

HERMES DIS 39 33.6

HALL-A DIS 3 0.2

CLAS DIS 20 8.5

SMC SIDIS, h± 48 50.7

HERMES SIDIS, h± 54 38.8

SIDIS, π± 36 43.4

SIDIS, K± 27 15.4

COMPASS SIDIS, h± 24 18.2

PHENIX (in part prel.) 200 GeV pp, π0 20 21.3

PHENIX (prel.) 62GeV pp, π0 5 3.1

STAR (in part prel.) 200 GeV pp, jet 19 15.7

TOTAL: 467 392.6

spond to the maximum variations for ALL computed with
alternative fits consistent with an increase of ∆χ2 = 1 or
∆χ2/χ2 = 2% in the total χ2 of the fit.

Our newly obtained antiquark and gluon PDFs are
shown in Fig. 2 and compared to previous analysis [4, 6].
For brevety, the total ∆u+∆ū and ∆d+∆d̄ densities are
not shown as they are very close to all other fits [4–6].
Here, the bands correspond to fits which maximize the
variations of the truncated first moments,

∆f1,[xmin−xmax]
j (Q2) ≡

∫ xmax

xmin

∆fj(x, Q2)dx, (8)

at Q2 = 10 GeV2 and for [0.001 − 1]. As in Ref. [6]
they can be taken as faithfull estimates of the typical
uncertainties for the antiquark densities. For the elusive
polarized gluon distribution, however, we perform a more
detailed estimate, now discriminating three regions in x:
0.001-0.05, 0.05-0.2 (roughly corresponding to the range
probed by present RHIC data), and 0.2-1.0. Within each
region, we scan again for alternative fits that maximize
the variations of the truncated moments ∆g1,[xmin−xmax],
sharing evenly to ∆χ2. In this way we can produce a
larger variety of fits than for a single ([0.001−1]) moment,
and, therefore, a more conservative estimate. Such a pro-
cedure is not necessary for antiquarks whose x-shape is
already much better determined by DIS and SIDIS data.
One can first of all see in Fig. 2 that ∆g(x, Q2) comes out
rather small, even when compared to fits with a “moder-
ate” gluon polarization [4, 6], with a possible node in the
distribution. This is driven by the RHIC data which put
a strong constraint on the size of ∆g for 0.05 ! x ! 0.2
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FIG. 1: Comparison of RHIC data [3] and our fit. The shaded
bands correspond to ∆χ2 = 1 and ∆χ2/χ2 = 2% (see text).
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FIG. 2: Our polarized sea and gluon densities compared to
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but cannot determine its sign as they mainly probe ∆g
squared. To explore this further, Fig. 3 shows the χ2

profile and partial contributions ∆χ2
i of the individual

data sets for variations of the moment computed for this
x range. A nice degree of complementarity and consis-
tency between is found. A small ∆g at x # 0.2 is also
consistent with data for ALL from lepton-nucleon scatter-
ing [15], which still lack a proper NLO description. The
small x region remains still largely unconstrained.

We also find that the SIDIS data give rise to a ro-
bust pattern for the sea polarizations, clearly deviating
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hep-ph/0804.0422

Strong constraint on the size of Δg from RHIC 

data for 0.05<x<0.2

Evidence for a small gluon polarization over a 

limited region of momentum fraction

Important: Mapping x-dependence and extension 

of x-coverage needed!
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Future polarized p-p physics program - FGT 
Quark / Anti-Quark polarization program at STAR
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Forward GEM Tracker: FGT

Charge sign identification for high momentum 

electrons from W± decay (Energy determined 

with EEMC)

Triple-GEM technology

FGT project:

ANL, IUCF, LBL, MIT, MPI Munich, University 

of Kentucky, Valparaiso University, Yale

Successful project review (Capital equipment 

funding): January 2008

Expected installation: Summer 2010 FGTHFT
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Future polarized p-p physics program - FGT
Layout
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FGT: 6 light-weight 

triple-GEM disks - WEST 

side of STAR

New mechanical support 

structure 
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Future polarized p-p physics program - FGT
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Quark / Anti-Quark polarization program at STAR - e/h separation

Full PYTHIA QCD background and W signal sample including detector effects

e/h separation based on global cuts (isolation/missing ET) and EEMC specific cuts as 

With current algorithm:  ET > 25GeV yields S/B > 1 (For ET < 25GeV S/B ~ 1/5) used for AL 

uncertainty estimates
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Future polarized p-p physics program - FGT
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Conclusion: 

Charge sign reconstruction impossible
beyond η = ~1.3

                
TPC + FGT Tracking, 
pT = 30 GeV/c

6 triple-GEM disks, assumed spatial resolution 
60µm in x and y (Fairly insensitive for 60-100µm) 
Charge sign reconstruction probability above 
90% for 30 GeV pT over the full acceptance of
the EEMC for the full vertex spread

Quark / Anti-Quark polarization program at STAR - e+/e- separation

Reach of 
EEMC
Acceptance
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,  Pol=0.7, effi=70%,  including QCD background, no vertex cut-1STAR projections for LT=300 pb
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Future polarized p-p physics program - FGT
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Quark / Anti-Quark polarization program at STAR (Forward rapidity)

Large asymmetries dominated by 

quark polarization - Important 

consistency check to existing DIS 

data with 100pb-1 (Phase I)

Strong impact constraining unknown 

antiquark polarization requires 

luminosity sample at the level of 

300pb-1 for 70% beam polarization 

(Phase II)
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Future polarized p-p physics program
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Polarization = 50%

Luminosity: 10pb-1

Mon Aug  4 20:46:54 2008

 ,  Pol=0.5 , effi=70%,  including QCD background, 2 beams, no vertex cut-1STAR projections for LT=10pb
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 500 GeV running in Run 9 focus at mid-rapidity integrated [-1,+1]
Demonstrate W production at mid-rapidity and first AL measurement at STAR

Quark / Anti-Quark polarization program at STAR (Mid-rapidity)
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Future polarized p-p physics program - FGT
GEM technology
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Standard layout:
Pitch (P) 140 µm
Outer diameter (D) 70 µm
Inner diameter (d) 50 µm

C. Altunbas et al., Nucl Instr. and
Meth. A490 (2002) 177.

F. Sauli, Nucl Instr. and
Meth. A386 (1997) 531.

Example: Triple-GEM application at COMPASS

Advantages:

Reliable (COMPASS, multi-year experience)

High gas amplification (Multiple GEMs: up to ~106)

Fast (< 20 ns FWHM, rate capability up to 105 Hz/mm)

Low mass (50µm Kapton + 10µm Cu; Thin low Z read-out 

plane)

Good spacial resolution (1D and 2D) (~60µm)

Simple construction and in-expensive
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Future polarized p-p physics program - FGT
GEM technology development
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SBIR proposal 

(Phase I/II): 

Established 

commercial GEM 

foil source (Tech-

Etch Inc.)

FNAL testbeam of 

three prototype 

triple-GEM 

chambers including 

APV25 chip readout 

Performance meets 

requirements!

Hit resolution: ~60µm

Good charge sharing!

Det1 amplitude Y [a.u.]
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 3.6±Landau MPV =  196.8 
 1.8± =  72.9 !Landau 
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Future polarized p-p physics program - FGT
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FGT: 6 light-weight disks

Each disk consists of 4 triple-GEM 

chambers (Quarter sections)

FGT 

Mechanical design

Procurement and assembly of full 

quarter section prototype in 

preparation
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Future polarized p-p physics program - FGT
Triple-GEM detectors - Quarter section 
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Component Material Radiation Length [%]

Support plate 5 mm Nomex 0.040

2x250 μm FR4 0.257

HV layer 5 μm Cu 0.035

50 μm Kapton 0.017

GEM foils 6x5 μm Cu (70%) 0.147

3x50 μm Kapton (70%) 0.036

Readout 5 μm Cu (20%) 0.007

50 μm Kapton (20%) 0.003

5 μm Cu (88%) 0.031

50 μm Kapton 0.017

5 μm Cu (10%) 0.004

0.125 mm FR4 0.064

5 μm Cu (10%) 0.004

Drift gas 10 mm CO2 (30%) 0.002

10 mm Ar (70%) 0.006

Total 0.670
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Future polarized p-p physics program - FGT
2D readout board and Front-End Electronics 
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Overview - Planing

Goal: Installation in summer 2010 ⇒ Ready for anticipated first long 500GeV polarized 

pp run in FY11 consistent with STAR 5-year Beam Use Request 

Review: Successful review January 2008 / Beginning of construction funds FY08 

Cost estimate and planing relies on the R&D and pre-design work:

Triple-GEM Detector: Complete prototype tested on the bench and during FNAL testbeam 

experiment with extensive experience in mechanical design work (MIT-Bates) and assembly 

including previous experience at COMPASS

Front-End Electronics (FEE) System: Complete prototype tested on the bench and during FNAL 

testbeam experiment based on existing APV25-S1 readout chip (MIT-Bates)

Data Acquisition (DAQ) System: Conceptual layout is based on similar DAQ sub-detector 

systems with extensive experience (ANL/IUCF)

GEM foil development: Successful development of industrially produced GEM foils through SBIR 

proposal in collaboration with Tech-Etch Inc. (BNL, MIT, Yale University)

Future polarized p-p physics program - FGT
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Summary and Outlook
Summary - RHIC-SPIN

Successful polarized proton collisions at high energies at RHIC at 

Brookhaven National Laboratory

QCD: Critical role to interpret measured asymmetries - First global 

analysis

Strong constraint on the size of Δg from RHIC data for 0.05 < x < 0.2

Evidence for a small gluon polarization over a limited region of 

momentum fraction (0.05 < x < 0.2)

Important: Mapping x-dependence and extension of x-coverage 

needed - Critical to reduce large uncertainties on first moment of Δg

Next critical step: Improved precision and Measurements to constrain 

shape of Δg (Di-Jet production and Photon-Jet production) 
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Summary and Outlook
Outlook - RHIC SPIN

Three key 

elements:

Gluon polarization

Quark / Anti-

Quark 

Polarization

Transverse spin 

dynamics

Critical:

39

Recorded 
Luminosity 

Main physics Objective Remarks

~50pb-1 Gluon polarization using di-jets and 
precision inclusive measurements 200 GeV

~100pb-1
W production (Important consistency 

check to DIS results - Phase I)
Gluon polarization (Di-Jets / Photon-Jets)

500 GeV

~300pb-1
W production (Constrain antiquark 

polarization - Phase II)
Gluon polarization (Di-Jets / Photon-Jets)

500 GeV

~30pb-1 Transverse spin gamma-jet 200 GeV

~250pb-1 Transverse spin Drell-Yan (Long term) 200 GeV

Beam polarization: 70% / Narrow vertex region / Spin flipper for high precision asymmetry measurements

Critical: Sufficient running time! 
http://spin.riken.bnl.gov/rsc/

http://www.er.doe.gov/np/nsac/docs/Nuclear-Science.Low-Res.pdf
http://www.er.doe.gov/np/nsac/docs/Nuclear-Science.Low-Res.pdf

